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Abstract 

The NovoTTF-lOOA device ennits alternating tunnor treating electric fields (TTFields) that 
interfere with cytokinesis and chronnosonne segregation during nnitosis. Because it has a 
sinnilar efficacy to cytotoxic chemotherapy, the device has been approved by the United 
States Food and Drug Administration for the treatment of recurrent glioblastoma. Although 
bevacizumab has been in use for recurrent glioblastoma, patients who experience incomplete 
or no response to bevacizumab may be predisposed to early bevacizumab treatment failure. 
However, the addition of TTFields therapy may augment the efficacy from bevacizumab. We 
report a patient with recurrent cystic glioblastoma who received add-on TTFields therapy due 
to an incomplete response to single-agent bevacizumab. After 6 cycles of therapy, a 
resolution of cystic enhancement was noted, together with reduction of the tumor cyst and 
resolution of most of the cerebral edema in the surrounding brain. However, the patient also 
suffered from relapsed disease at locations distant from the original glioblastoma and the 
corresponding radiation fields received at initial diagnosis. We conclude that combination 
TTFields and bevacizumab therapy is safe and may be efficacious for patients with recurrent 
glioblastoma. A further study would be needed to determine the relapse pattern and the 
distribution of the electric fields in the brain. © 2014 s. Karger ag, Basel 
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Introduction 

Recurrent glioblastoma has a poor prognosis. Patients treated with salvage chemother- 
apy had a response rate of only 9% and a median time to tumor progression [TTP) of 9 
weeks [1]. Although bevacizumab can offer a significantly higher response rate of 55% and a 
period of clinical stabilization with a median TTP of 26 weeks, the tumor remains in the 
brain and continues to proliferate despite clinical and radiological appearances of improve- 
ment [2]. As a result, bevacizumab has a questionable impact on the overall survival of 
patients [3, 4]. Therefore, new and novel treatments are needed for patients with recurrent 
glioblastoma who failed initial treatment with radiotherapy and temozolomide. 

The NovoTTF-lOOA device is a new treatment approved by the United States Food and 
Drug Administration [FDA) for recurrent glioblastoma. The device emits alternating tumor 
treating electric fields (TTFields) via 2 pairs of transducer arrays placed orthogonally on the 
scalp. The TTFields work by interrupting tumor cells during mitosis, resulting in violent 
blebbing during cytokinesis, asymmetric chromosome segregation, and aneuploidy [5, 6]. 
These cell biology effects ultimately result in apoptosis or slippage into a GO state of the 
tumor cell, while simultaneously making it susceptible to immunogenic cell death [6]. In the 
pivotal phase 111 clinical trial, the NovoTTF-lOOA device had a similar efficacy when 
compared to salvage chemotherapy, but without the toxicities associated with systemic 
chemotherapies [7, 8]. Here, we report a patient who had failed bevacizumab therapy for a 
recurrent cystic glioblastoma and, at the time of bevacizumab continuation, received add-on 
TTFields therapy by using the NovoTTF-lOOA device. This treatment combination eventually 
resulted in the disappearance of cystic enhancement together with a marked reduction of 
the cyst size and the cerebral edema in the surrounding brain. 

Case Report 

The patient is a 76-year-old right-handed woman who came to the Brain Tumor Center 
for an evaluation of her recurrent glioblastoma after bevacizumab failure. Her initial 
neurological problems occurred 9 months prior to presentation and consisted of mental 
confusion and comprehension problems manifesting as a fluent aphasia. A gadolinium- 
enhanced head MRl at an outside hospital showed a cystic enhancing mass in the left 
temporal lobe of the brain. She underwent a neurosurgical resection, and the pathology 
demonstrated glioblastoma. She then received 6 weeks of external beam fractionated 
radiotherapy to 6,000 cGy [200 cGy in 30 fractions) with concomitant daily temozolomide at 
75 mg/m2, followed by adjuvant temozolomide 200 mg/m^ for 5 days on a monthly basis. 
After 5 cycles of adjuvant temozolomide, new cystic enhancement was discovered while 
performing a head MRl [fig. la, b), and she was placed on 4 mg of dexamethasone 4 
times/day. Bevacizumab was subsequently started at a dose of 10 mg/kg every 2 weeks. 
After 2 cycles of bevacizumab, there was only a partial decrease in the gadolinium enhance- 
ment and the size of the cystic tumor [fig. Ic, d). She then came to our institution and her 
original histological diagnosis was confirmed. Additional pathology testing revealed a 
negative IDHl immunohistochemical labeling but a positive 0L1G2, EGFR amplification and 
methylated MGMT promotor status. Because TTFields interrupt tumor cells during mitosis 
and have no appreciable overlapping toxicity with bevacizumab, we proceeded to add to her 
bevacizumab treatment TTFields therapy using the NovoTTF-lOOA device. Each cycle 
consists of 4 weeks of continuous treatment. The treatment compliance was recorded by 
sensors, embedded within the transducer arrays and can be downloaded by computer for 
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review in clinic visits. Her dexamethasone was weaned off after 2 cycles of combined 
treatment. After a total of 6 cycles of bevacizumab plus TTFields therapy, with a respective 
mean and median compliance of 17.6 hours [73% of the day) and 18.4 hours [77% of the 
day) [range 3.6 to 22.8 h), there was a near complete resolution of gadolinium enhancement 
and a 65% reduction in the size of the cystic tumor [fig. le, f). However, there were also 
recurrent tumors detected in the left internal capsule and the medial left frontal brain [fig. 
2a, b), which were located outside of the prior radiation treatment fields. Therefore, the 
recurrent tumors were treated with fractionated CyberKnife radiosurgery to 2,100 cGy [700 
cGy in 3 fractions). Despite this radiosurgery intervention, the patient continued to 
deteriorate neurologically and her deterioration was most likely caused by the microscopic 
invasive glioblastoma. She eventually died 15 months after her first recurrence and 22 
months after initial diagnosis. Her health care proxy did not grant an autopsy. 



The addition of NovoTTF-lOOA to bevacizumab therapy in our patient appears to be 
safe and may provide added efficacy after initial incomplete response to bevacizumab alone. 
The rationales to combine TTFields therapy with bevacizumab are threefold. First, there is 
no overlapping side effect and, therefore, this combination does not appear to cause 
synergistic or additive toxicities. In patients with glioblastoma, the most dreaded complica- 
tion from bevacizumab is hemorrhage within the tumor. We retrospectively analyzed 20 
patients treated with this combination and found no instance of intracranial hemorrhage [9]. 
Other treatment side effects are minor in severity and they include the expected scalp rash, 
electric shock sensation from poorly applied transducer arrays and vivid dreams, all of 
which resolved upon the application of corticosteroid cream and adjustment of the arrays. 
Second, TTFields therapy mimics the effects of chemotherapy by interference with tumor 
cell mitosis while not having the conventional side effects of chemotherapy [5, 7]. When first 
approved by the FDA, bevacizumab was combined with various cytotoxic agents, including 
carboplatin and irinotecan [10], carboplatin and etoposide [11] as well as lomustine or 
carmustine [12], but the side effects do not warrant the routine clinical use of bevacizumab 
combined with cytotoxic chemotherapy. Third, both bevacizumab and NovoTTF-lOOA are 
listed in the National Comprehensive Cancer Network practice guideline for recurrent 
glioblastoma. Therefore, there appear to be strong rationales to combine NovoTTF-lOOA 
with bevacizumab for recurrent glioblastoma. 

The resolution of our patient's cystic tumor is a notable response to NovoTTF-lOOA and 
bevacizumab after initial bevacizumab failure. Although the response assessment in neuro- 
oncology criteria deem it as nonmeasurable, cystic tumors cannot be measured in a 
traditional bidimensional fashion for response assessment, unless there is an associated 
solid nodule measuring 10 mm or greater in diameter [13]. However, the disappearance of 
enhancement in the cystic tumor is still remarkable. In their retrospective series of 51 
recurrent high-grade gliomas treated with bevacizumab and irinotecan, Zuniga et al. [14] 
reported only 8% of patients with a complete response while the majority had either a 
partial response [63%) or no response [29%). Similarly, when bevacizumab was used as a 
single agent, Kreisl et al. [15] and Friedman et al. [16] reported an even less robust complete 
response rate of 2 and 1%, respectively. These data indicate that bevacizumab alone rarely 
results in a complete radiographic response, and the partial response seen in a majority of 
patients suggests that there are probably multiple proangiogenic pathways activated in the 
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glioblastoma. Therefore, the addition of TTFields therapy may augment the efficacy of 
bevacizumab. 

The efficacy of combination TTFields and bevacizumab therapy is unknown. A prior post 
hoc analysis of the response characteristics from the pivotal phase 111 trial indicates that 
secondary glioblastomas as well as low or no dexamethasone usage are potentially 
important predictors of response in patients treated with the NovoTTF-lOOA device alone 
[7, 17]. First; secondary glioblastomas may have a different genetic composition that makes 
the tumor cells more susceptible to TTFields. Indeed, Verhaak et al. [18] have shown that 
most of the secondary glioblastomas fall in the proneural genotype with amplification of 
PDGFRA and 0LIG2 as well as mutations in IDHl and TP53. Although our patient's tumor 
appears to be a primary glioblastoma by the lack of IDHl immunohistochemical labeling, 
there could still be unidentified genetic mutations that make her tumor susceptible to 
TTFields therapy. Indeed, 9 out of 14 responders in the phase 111 trial did not have prior low- 
grade histologies, and they could have genetic mutations or epigenetic alterations that make 
them susceptible to NovoTTF-lOOA monotherapy [17]. Second, the slower growth rate of 
our patient's tumor may have helped to allow sufficient time for the TTFields to effect a 
treatment response. This is because the median time to response for TTFields therapy is 
longer than that for chemotherapies, 8.4 versus 5.8 months, respectively, as noted in the 
prior post hoc response analysis [17]. Last, our patient's dexamethasone was completely 
discontinued 2 months after initiation of combination TTFields and bevacizumab therapy, 
but a near complete resolution of gadolinium enhancement and a significant reduction of the 
cystic tumor were not detectable until 6 months into treatment. Consistent with this 
observation, the inverse relationship between response and dexamethasone dosage is 
probably a consequence of removing the immunosuppressive effect of dexamethasone, 
which would allow for better control of the glioblastoma by the patient's immune system. 
Therefore, allowing sufficient treatment time and removing dexamethasone are key 
parameters to maximize the probability of a response from TTFields. 

The pattern of relapse from combination TTFields and bevacizumab therapy is un- 
known. At the time of tumor recurrence, our patient's new disease was located outside of her 
prior radiation field. This type of distant recurrence of glioblastoma could be the conse- 
quence of progressive development of the invasive phenotype, intracranial inhomogeneity of 
the TTFields, or incomplete coverage of certain parts of the brain by TTFields. These 
hypothesis-generating observations would be important for future studies to correlate the 
location of the relapsed disease and the distribution of the electric fields within the brain. 
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Fig. 1. Response characteristics from combination TTFields and bevacizumab therapy. At the time of first 
recurrence, the tumor cyst measured 3.4 x 4.4 cm on gadoUnium-enhanced Tl-weighted (a) and FLAIR 
(b) images. After 2 cycles of bevacizumab, there was a partial decrease in the size of the cystic tumor to 
1.9 X 3.6 cm as seen on gadolinium-enhanced Tl-weighted images (c) and a partial resolution of the 
edema as detected on FLAIR [d) images. After 6 cycles of combination TTFields and bevacizumab therapy, 
there was a further decrease of the cystic tumor to 1.7 x 3.1 cm, or 65% reduction, as seen on gadolinium- 
enhanced Tl-weighted images (e) and a resolution of edema as detected on FLAIR [f) images. 
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Fig. 2. Foci of relapsed disease outside of the previously irradiated glioblastoma. Gadolinium enhance- 
ment was detected in the internal capsule [a) and medial left frontal brain [b) after 6 cycles of TTFields 
and bevacizumab therapy. 
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